Control of DNA replication: regulation and activation of eukaryotic replicative helicase, MCM.
DNA replication is a key event of cell proliferation and the final target of signal transduction induced by growth factor stimulation. It is also strictly regulated during the ongoing cell cycle so that it occurs only once during S phase and that all the genetic materials are faithfully duplicated. DNA replication may be arrested or temporally inhibited due to a varieties of internal and external causes. Cells have developed intricate mechanisms to cope with the arrested replication forks to minimize the adversary effect on the stable maintenance of genetic materials. Helicases play a central role in DNA replication. In eukaryotes, MCM (minichromosome maintenance) protein complex plays essential roles as a replicative helicase. MCM4-6-7 complex possesses intrinsic DNA helicase activity which translocates on single-stranded DNA form 3' to 5'. Mammalian MCM4-6-7 helicase and ATPase activities are specifically stimulated by the presence of thymine-rich single-stranded DNA sequences onto which it is loaded. The activation appears to depend on the thymine content of this single-strand, and sequences derived from human replication origins can serve as potent activators of the MCM helicase. MCM is a prime target of Cdc7 kinase, known to be essential for activation of replication origins. We will discuss how the MCM may be activated at the replication origins by template DNA, phosphorylation, and interaction with other replicative proteins, and will present a model of how activation of MCM helicase by specific sequences may contribute to selection of replication initiation sites in higher eukaryotes.